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Abstract
The waste, subgrade ROM and fine dumps of iron ore mines are characterized by high rock fragment contents, low
moisture retention capacity, higher bulk density, low nutrients, lower pH and elevated metal concentrations. Use of
suitable revegetation programme, that require the selection of right type of plants to be used vis-à-vis the site
condition and characteristics, can enhance the long-term stability, both mechanical and ecological, of dumps
(waste, subgrade ROM and fines) through providing vegetative cover to control soil erosion and gully formation,
consolidation of dump top and side surfaces, binding the loose particles through intricate roof system, etc. This
paper overviews the roles of revegetation programme that can be used where vegetation is considered to be the
long-term answer to slope protection and erosion control. Various revegetation processes like Coir matting, lemon
grass, vetiver grass and indigenous plant may find a wide range of usage in iron ore mines for dump stabilization.
The Miyawaki method of plantation is more effective than the conventional method of plantation. This will lead to
co-existence of plants, and as a matter of fact each plant draws from the other vital nutrients and they grow to
become strong and healthy. The Miyawaki plantation technique aims at “survival of the fittest”, and the area which
undergone such plantation has an ecology of their own. The indigenous plant has good binding capacity and
helps to control soil erosion as well as improve the dump stability. These indigenous plant species include Shorea
robusta (Sal), Dalbergia sisoo (Shisham), Karanj and Azadirachta (Neem). The growth of indigenous plants is
dependent upon the soil quality as well as the organic matter of the dump material. The leaf debris plays an
important role for improving the organic matter of the dump material to successfully implement the revegetation
programme.
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Introduction
Opencast mining operations involve huge quantities of
overburden & subgrade ROM removal as well as dumping
and backfilling of excavated area. A substantial increase
in the rate of accumulation of waste/subgrade ROM ma-
terials in recent years has resulted in a greater height of
dumps to minimize ground cover area. Consequently, it
has given rise to the danger of dump failures, gully ero-
sion and various associated environmental problems
(Campbell 1992).
Extraction of valuable minerals has been producing
wastes in the form of waste rocks whose management is
again of prime importance. The issues relating to the
stability of these dumps/stacks are catching attention
worldwide for quite some time now, which is quite
important for the safe working in and around these
monstrous structures as well as restricted availability of
land. Even government bodies like State Pollution Con-
trol Board, Ministry of Environment and Forests and
Department of Mines and Geology etc. have raised their
concern by way of specified rules and regulations mak-
ing it mandatory for all mines. Figures 1, 2 and 3 show
the critical failure of different types of dump in iron ore
mines of Odisha state.
Revegetation is one of the widely used technique for
controlling erosion and stabilization of dump slope
(Akers and Muter 1974) and thereby maintaining eco-
logical equilibrium in the area (Jorgensen 1994). With
respect to the role of vegetation growth upon dump
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slope, it can be described as hydrogeological and mech-
anical actions (Cherubini and Geiasi 1997); with respect
to the hydrogeological action, roots of vegetation play an
important role to enhance dump stability by controlling
interception of rain water and evapotranspiration and
the resulting pore pressure reduction (Hussain 1995),
whereas mechanical action, in turn, reinforced the dump
material by roots and enhanced the shear strength of the
dump material. This action is closely related to root
density, depth and strength (Greenway 1987; Jha 1989;
Suyama 1992; Hall et al. 1994). The indigenous plants
like Shorea robusta (Sal), Dalbergia sisoo (Shisham),
Karanj and Azadirachta (Neem) have a good binding
capacity and help to control soil erosion as well as im-
prove the dump stability. Four species (Karanj, Ponga-
mia sp.; Shisham, Dalbergia sp.; Shirish, Albizia sp.; and
Neem, Azadirachta sp.) have emerged as having the
highest frequency of reporting in addition to an array of
shared and relevant agro- and socioeconomically rele-
vant properties along with notably similar environmental
outcomes regarding their impact toward above- and
belowground ecological factors. These characteristics
include that three (members of the Fabaceae) are pro-
moters of nitrogen-fixing interactions, while all four are
relatively fast growers, well adapted to environmental
conditions within more arid zones (i.e. intense heat,
sunlight) and have root architectural adaptations for
drought tolerance (Koul et al. 1990; Lowry et al. 1994;
Tewari 1994). The effectiveness of revegetation can be
measured through numerical modelling in terms of a
factor of safety before and after implementation of the
revegetation programme.
Revegetation process and restoration techniques
Revegetation process is one of the important methods
which can make the ecologically challenging task of
Fig. 1 Slope failure in a subgrade dump of iron ore mines
Fig. 2 Slope failure in a fine dump of iron ore mines
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restoring the previously existing ecosystem. Revegetation
is normally implemented during the monsoon or winter
seasons. Plant materials that are adaptive to the site con-
ditions are selected. Local species are readily available
and well suited to the climate, soil condition and avail-
able moisture; therefore, they make good candidates.
The indigenous species like S. robusta (Sal), D. sisoo
(Shisham), Karanj and Azadirachta (Neem) have a good
binding capacity and help to control soil erosion as well
as improve the dump stability.
The evolution of mine revegetation practices has seen
the agronomic engineering approach of establishing
“green” landscapes with introduced grass and pasture
species (Dahl and Mulligan 1996) replaced by the re-
establishment of native flora to create a self-sustaining
ecosystem. An early attempt to revegetate mined areas
at Weipa and Rum Jungle relied on introduced grass
and tree species and nitrogen-fixing shrubs (Dahl and
Mulligan 1996, Richards et al. 1996).
Coir matting
Coir mats and netting are dense, biodegradable fabrics
made of coconut husk fiber (coir). They are used to trap
sediment, to protect stream banks and wetland shores
from erosion and to provide a stable substrate for plant
establishment. Coir mat is a kind of natural erosion con-
trol blanket (Figs. 4 and 5).
Case references of coal mines
Erosion control blankets like coir mats have been used
for slope protection at many places especially in coal
mines. Coir mats have also been used to protect high
overburden dumps of fly ash, and it has been possible to
establish vegetation over the dump. An interesting case
Fig. 4 Installation of coir mat in iron ore mines
Fig. 3 Slope failure in a waste dump of iron ore mines
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study where the effectiveness of gabions and coir mat
has been successfully implemented is the stabilization of
overburden dumps at coal mines of Singrauli. A huge
dump of 120 m high could be stabilized by a combin-
ation of gabion walls and coir mats on slopes. Of course,
an in-depth study of strata along with stability analysis
combined with quality work at site, all in collection, has
contributed to the success of the project.
Disadvantage
It is not fully successfully implemented in the iron ore
mines of Odisha state due to the following reasons.
a. Poor binding properties with the different size of
dump materials.
b. It requires a huge quantity of water during the
seeding process till plantation.
c. Not a suitable option for large and steep slope of a
dump area.
d. There is no use of end product.
e. Poor stabilizing qualities rather than indigenous plant.
f. Poor stabilization of failure surface during heavy rain
and wind due to its poor binding properties.
(Figure 6 shows the typical failure of coir matting in
the iron ore mines of Odisha).
Vetiver grass
The indigenous knowledge was taken along when
Indians migrated overseas and usage resumed in new
localities around the globe. Thus one reads of vetiver
usage for slope protection and reinforcement of em-
bankments and cuttings outside of farmlands since the
early 1900s in the West Indies, South Africa (National
Research Council 1993), Brazil (Grimshaw, 1994) and
Fiji (Truoung and Gawander 1996), etc. In 1931, it was
on record that vetiver was grown at Serdang (near Kuala
Lumpur), Malaysia, where “it is used for holding up
steep banks. It is well known to be good for this pur-
pose” (World Bank 1995). These applications of vetiver,
however, were based on past experiences that showed
them to be effective but without any quantitative engin-
eering data to back them up. To lend technical credence
to its introduction, researches have been conducting on
the roles of vegetation in relation to slope stability, in
particular on tree roots in which the main factors are
contributing to slope stabilization (Greenway 1987;
Coppin and Richards 1990; Gray 1994).
Vetiver Grass Technology (VGT; Fig. 7 shows the root
system of vetiver grass) was first developed for soil and
water conservation in farmlands. While this application still
plays a vital role in agricultural lands, vetiver grass’s unique
morphological, physiological and ecological characteristics
Fig. 5 Coir matting process
Fig. 6 Photograph of typical failure of coir matting in the iron ore mines of Odisha state
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have a key role in the area of environmental protection.
Unique morphological characteristics include a massive,
finely structured, deep root system capable of reaching 1.2
to 1.5 m.
The Vetiver Grass Technology (VGT), in its most
common form, is simply the establishment of an arrow
(less than 1 m wide) live stiff vetiver grass barrier, in the
form of a hedge, across the slope of the land. When ap-
plied correctly, the technology is effective on slopes from
less than 1 to over 100 %. In addition, its massive root
system will increase the shear strength of soil (thus pro-
viding improved stability of soils on steep slopes). Veti-
ver grass is a clump grass, with erect and stiff stems that
grow to as much as 1.2 m high.
Disadvantage
a. Seeds easily spread in the wind—may become a
weed, infesting an area.
b. Unpalatable to livestock (unsuitable fodder).
c. Not suitable for human consumption.
d. The root of vetiver grass is growing vertically not in
a radial direction.
e. Oil extraction is an unlikely option for poor farmers
as an end product.
f. Lower stabilizing qualities compared with
indigenous trees.
g. Poor stabilization of failure surface due to its vertical
roots.
Lemon grass
An aromatic grass species has indicated that lemon grass
can be considered as one of the options for the slope
stabilization and control of soil erosion. Lemon grass is
one of the species that one can be used for commercial
production. It is a tropical grass type originally from
India. It derives its name from its strong fresh lemon
scent. It is a tufted perennial grass with numerous stiff
leafy stems arising from short rhizomatous roots. The
leaves can grow up to a height of 2 m. It is a perennial
crop and has an economic lifespan of about 5 years. The
plant grows on a wide range of soils. The best yields will
be obtained from well drained sandy to loam soils, with
a pH value ranging from 4.3 to 8.4, and with access to
water throughout the year, it can give three to four har-
vests. Often the grass is grown on poor soils or erosion-
sensitive areas. Without water, it will, through its deep
rooting system, survive until the next raining season.
The root of lemon grass is in uniaxial direction rather
than vertical. It has been not implemented in the dump
slope area of iron ore mines. Figure 8 shows the imple-
mentation of lemon grass in Herbal Park.
Disadvantage
a. Seeds easily spread in the wind—may become a
weed, infesting an area.
b. It is most suitable in a soil-contained material.
c. It requires a huge quantity of water during the
plantation.
d. Not a suitable option for small holdings of hilly
areas.
e. Lower stabilizing qualities compared with
indigenous plant.
f. Poor stabilization of failure surface due to its
binding properties.
g. It is most prone to fire during dry season.
The roots of smaller plants (such as grasses and
shrubs) do not go deep, and therefore, the overall effect
of grass on dump slope is negligible. However, they
stabilize the slope by binding the upper layer of the
dump slope. It is observed that the small plants do not
significantly improve the factor of safety (FOS) of the
slope. However, it could be useful for early stabilization.
The grasses quickly bind the upper surface, whereas
shrubs immensely strengthen the stability of the dump
in the initial stage. Further, it was concluded that the
Fig. 7 Root system of vetiver grass
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trees like Shisham (a group of indigenous plant) are used
for long-term stability as the roots of trees are stronger
and penetrate deeper. Their roots bind the dump mater-
ial and form a composite material having high shear
strength. The Shisham tree of even moderate size binds
the upper layers of the mine dump and improves the
factor of safety substantially. It was also observed that
the stability of the dump slope improves with respect
to time, i.e. size of the tree, which is shown in Table 1
(Rai and Shrivastava 2011, 2014).
Miyawaki method of plantation
The Miyawaki method of plantation is more effective than
the conventional method of plantation. The Miyawaki
method of planting trees involves the planting of a num-
ber of different indigenous plants close together in a small
pit or dump slope. By close planting, many random trees
close together in a small area enrich the green cover and
reinforce the richness of the land. This will lead to co-
existence of plants, and as a matter of fact, each plant draws
from the other vital nutrients and they grow to become
strong and healthy. The Miyawaki plantation technique
aims at “survival of the fittest”. The area which undergone
such plantation has an ecology of their own. Figure 9
shows the successional stages in the Miyawaki methods.
This technique is formulated by Dr. Akira Miyawaki, a
Japanese botanist. The technique involves plantation of
up to 30 times more trees planted and carbon dioxide
absorption, as compared to conventional plantation
techniques. There are at least 300 % more species in the
same area as compared to conventional plantation spe-
cies. There is a 3000 % increase in noise and dust isolation
with growth of at least 1 m every year, in tree height.
The potential natural vegetation indicates the potential
capacity of the land, theoretically considered, as to which
vegetation it can sustain (Miyawaki 1992). Tree species
must be chosen from the forest communities of the region
in order to restore multilayer natural or quasinatural for-
ests. The Miyawaki method of reconstitution of “indigen-
ous forests by indigenous trees” produces a rich, dense
and efficient protective pioneer forest in 4 to 6 years.
Advantages
1. A completely maintenance free, successful plantation
after 3 years.
2. A completely chemical-fertilizer free plantation that
sustains itself and supports local biodiversity.
A field trail has been taken in the Thakurani Iron
Ore Mines, Block-B of M/s Sarda Mines (P) Limited
in the year of 2011 under the guidance and presence
of Sri V. P. Upadhyay, Director(S), Ministry of Envir-
onment and Forest. Figures 10 and 11 show the im-
plementation of the Miyawaki methods.
Revegetation as a stabilizing agent on dump slopes
There is a generalized agreement that “forest plays an
important role in the protection of soil, and deforest-
ation can bring about not only erosion but also collect-
ive soil movements” (Gray 1973). Sternberg (1975)
mentions studies by Bailey, who by measuring the max-
imum angle of the repose of slopes with and without
vegetation, found that in a given soil derived from the
same rock pattern, the maximum angle of repose is
about 60° when vegetation exists and about 36° in the
case of a lack of vegetation. Vegetation has an important
role in protecting the soil surface from erosion and
allowing accumulation of fine particles (Tordoff et al.
2000; Conesa et al. 2007b). They can reverse the
Table 1 Improvement in factor of safety with different ages of
tree
S. No. Age of tree (Shisham) Factor of safety
1 Without vegetation 1.25
2 1 year 1.26
3 Two and half years 1.31
4 4 years 1.46
5 5 years 1.58
Fig. 8 Implementation of lemon grass in Herbal Park
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degradation process by stabilizing soils through the devel-
opment of extensive root systems. Once they are estab-
lished, plants increase soil organic matter, lower soil bulk
density and moderate soil pH and bring mineral nutrients
to the surface and accumulate them in available form.
Their root systems allow them to act as scavengers of nutri-
ents not readily available. The plants accumulate these
nutrients and redeposit them on the soil surface in organic
matter from which nutrients are much more readily avail-
able by microbial breakdown (Li 2006; Conesa et al. 2007a).
The revegetation of eroded ecosystems must be carried
out with plants selected on the basis of their ability to
survive and regenerate or reproduce under severe condi-
tions provided both by the nature of the dump material,
the exposed situation on the dump surface and on their
ability to stabilize the soil structure (Madejon et al.
2006). Normal practice for revegetation is to choose
drought-resistant, fast growing crops or fodder which
can grow in nutrient-deficient soils. Selected plants
should be easy to establish, grow quickly and have dense
canopies and root systems. In certain areas, the main
factor in preventing vegetation is acidity. Plants must be
tolerant of metal contaminants in such sites (Caravaca
et al. 2002; Mendez and Maier 2008).
A role of exotic or native species in reclamation needs
careful consideration as newly introduced exotic species
may become pests in other situations. Therefore, candi-
date species for vegetation should be screened carefully
to avoid becoming problematic weeds in relation to local
to regional floristic. For artificial introduction, selection
of species that are well adapted to the local environ-
ment should be emphasized. Indigenous species are
preferable to exotics because they are most likely to fit
into a fully functional ecosystem and are climatically
adapted (Chaney et al. 2007).
Grasses are considered as a nurse crop for an early
vegetation purpose. Grasses have both positive and nega-
tive effects on mine lands. They are frequently needed to
Fig. 9 Successional stages as would follow in natural conditions. a, b Adopting traditional reforestation methods and (c) the Miyawaki method
Fig. 10 Plantation by Miyawaki method during 2012
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stabilize soils but they may compete with woody regen-
eration. Grasses can offer superior tolerance to drought,
low soil nutrients and other climatic stresses. Roots of
grasses are fibrous that can slow erosion, and their soil-
forming tendencies eventually produce a layer of organic
soil, stabilize soil, conserve soil moisture and may com-
pete with weedy species. The initial cover must allow the
development of diverse self-sustaining plant communi-
ties (Shu et al. 2002; Singh et al. 2002; Hao et al. 2004).
Trees can potentially improve soils through numer-
ous processes, including maintenance or increase of
soil organic matter, biological nitrogen fixation, uptake
of nutrients from below and reach of roots of under
storey herbaceous vegetation, increase water infiltra-
tion and storage, reduce loss of nutrients by erosion
and leaching, improve soil physical properties, reduce
soil acidity and improve soil biological activity. Also,
new self-sustaining top soils are created by trees. Plant
litter and root exudates provide nutrient cycling to
soil (Pulford and Watson 2003; Padmavathiamma and
Li 2007).
On mine spoils, nitrogen is a major limiting nutrient,
and regular addition of fertilizer nitrogen may be re-
quired to maintain healthy growth and persistence of
vegetation (Yang et al. 2003; Singh et al. 2004). An alterna-
tive approach might be to introduce legumes and other
nitrogen-fixing species. Nitrogen-fixing species have a dra-
matic effect on soil fertility through production of readily
decomposable nutrient-rich litter and turnover of fine
roots and nodules. Mineralization of N-rich litter from
these species allows substantial transfer to companion
species and subsequent cycling, thus enabling the develop-
ment of a self-sustaining ecosystem (Zhang et al. 2001).
Singh et al. (2002) reported that native leguminous species
show greater improvement in soil fertility parameters in
comparison to native non-leguminous species.
Selection of plant species—a vital component for
ecorestoration success
The choice of plant species depends on the characteristics
of spoil, climatic condition and ultimate land use. Indigen-
ous plants such as Sal, Kendu, Amla, Jamun, Shisham,
Croton roxburghii, Karanj and Neem are more tolerant to
adverse spoil pH and moisture stress than grass and
legumes and are therefore, easier to establish. This indi-
genous plants are used where a wind break is desired, or
where a visual shield is required, they are suitable to steep
or rocky terrain and coarse waste. The successful vegeta-
tion establishment of waste dumps also depends on
micro- and macro-climate, disease and insect resistance,
competition, growth pattern and propagation ability of the
species. The availability of moisture in the spoil, especially
during warm dry summer, is important. If the water level
is not high enough, irrigation may be necessary to provide
moisture. As the vegetation matures, the need for the irri-
gation diminishes since indigenous plant gets adapted to
dry summer condition.
In spite of the relatively modest peer-review literature
pool available on the topic of post-mined land revegeta-
tion in India, there is still a remarkably extensive report-
ing of plant species (n = 245 sp.) including vegetative
growth forms and diverse bio-indicators of ecological
form and function. With this rationale, four species
(Karanj, Pongamia sp.; Shisham, Dalbergia sp.; Shirish,
Albizia sp.; and Neem, Azadirachta sp.) have emerged
as having the highest frequency of reporting in addition
to an array of shared and relevant agro- and socioeco-
nomically relevant properties along with notably similar
environmental outcomes regarding their impact toward
above- and belowground ecological factors. These char-
acteristics include that three (Karanj, Pongamia sp.;
Shisham, Dalbergia sp.; Shirish, Albizia sp members of
the Fabaceae) are promoters of nitrogen-fixing
Fig 11. Growth of Miyawaki plantation during 2013
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interactions, while all four are relatively fast growers,
well adapted to environmental conditions within more
arid zones (i.e. intense heat, sunlight) and have root
architectural adaptations for drought tolerance (Koul
et al. 1990; Lowry et al. 1994; Tewari 1994). The growth
of indigenous plants is dependent upon the soil quality
as well as the organic matter of the dump material. The
leaf debris plays an important role for improving the or-
ganic matter of the dump material for the successful im-
plementation of revegetation.
Factors affecting for selection of species for revegetation
According to Morgan (2005), species to be used for re-
vegetation should be selected based on the following
parameters: species properties of rapid growth; tough-
ness in respect of diseases and pests; ability to compete
with less desirable species; adaptability to the local soil
and adaptability to the local climatic conditions.
When the species to be used in the revegetation pro-
grammes are trees, they should possess the following
qualities, according to Young (1997), for it to be quali-
fied for use in soil fertility improvement/restoration:
primarily have the capacity to grow on poor soils; high
rate of nitrogen fixation; high and balanced nutrient
content in foliage litter; litter low in lignin and polypher-
ols; either rapid litter decay where nutrient release is
desired or moderate rate of litter decay where soil cover
is required; absence of toxic substances in litter or root
residues; well-developed tap root system; high rate of
leafy biomass production and a dense network of fine
roots with a capacity for mycorrhizal association.
Species selection will depend on local soil and climatic
conditions but should aim to provide a uniform rather
than clumpy pattern of vegetation to avoid concentra-
tions of runoffs and localized erosion. The ideal condi-
tion is difficult to achieve, however, where the soils have
low water retention capacity or are toxic, or where cold,
drought or exposure inhibits plant growth. Choosing
vegetation which has beneficial effect is important
(Morgan 2005). For instance, in order to reduce the
cost of reclamation of mine spoil mounds from metal
mining on the Jos Plateau, Nigeria, the mine lands rec-
lamation unit chose Eucalyptus sp. which could be
cropped as a source of fuel and pole timber, but these have
resulted in significant declines in the pH of the soil
(Alexander 1990) to the detriment of other plant growth
(Morgan 2005).
The revegetation of eroded ecosystems must be carried
out with plants selected on the basis of their ability to
survive and regenerate or reproduce under severe condi-
tions provided both by the nature of the dump material,
the exposed situation on the dump surface and on their
ability to stabilize the soil structure (Madejon et al.
2006). Normal practice for revegetation is to choose
drought-resistant, fast growing crops or fodder which
can grow in nutrient-deficient soils. Selected plants
should be easy to establish, grow quickly and have dense
canopies and root systems. In certain areas, the main fac-
tor in preventing vegetation is acidity (Sheoran et al.
2010). Plants must be tolerant of metal contaminants in
such sites (Caravaca et al. 2002; Mendez and Maier 2008).
Conclusions
For centuries, indigenous living plants were the only ma-
terial for hill and slope stabilization works. With advan-
cing technology, this age-old concept has been further
refined, and some innovative techniques are being
adopted. Revegetation is the most appropriate for envir-
onmentally and aesthetically sensitive areas. Various eco-
logical restoration approaches like coir matting, lemon
grass, vetiver grass and indigenous plant may find a wide
range of usage in iron ore mines for different types of
dump slope stabilization. The roots of smaller plants
(such as grasses and shrubs) do not go deep; therefore,
the overall effect of grass on dump slope is negligible.
However, they stabilize the slope by binding the upper
layer of the dump slope. It is observed that the small
plants do not significantly improve the factor of safety
(FOS) of the dump slope. However, it could be useful for
early stabilization. The grasses quickly bind the upper
surface, whereas shrubs immensely strengthen the stabil-
ity of the dump in the initial stage. Further, it was
concluded that the trees like Shisham (a group of indi-
genous plant) are used for long-term stability as the
roots of trees are stronger and penetrate deeper. Their
roots bind the dump material and form a composite ma-
terial having high shear strength. The Shisham tree of
even moderate size binds the upper layers of mine dump
and improves the factor of safety substantially (which
has been shown in Table 1).
A further study regarding the experimental trail is re-
quired in respect to the different types of dump slope
stabilization in iron ore mines with reference to indigen-
ous plant. Indigenous plant is a native typical dry
deciduous forest dominated by tree species S. robusta
(Sal), D. sisoo (Shisham), Karanj, Azadirachta (Neem)
etc. has a good binding capacity and helps to control soil
erosion as well as improves the dump stability. In fact,
vegetation helps dissipate the kinetic energy of rain
drops, attenuates the effects of wind and helps reduce
the velocity of overland flow. The most critical aspect of
revegetation intervention is the choice of plants and
vegetation. But the problem needs to be properly ana-
lysed, and the technically best possible solution needs to
be adapted without any compromise to safety of the
structure and surroundings. In order to get a complete
Ranjan et al. Ecological Processes  (2015) 4:14 Page 9 of 11
advantage of the environmental friendly solution, it is
best to select the indigenous plants with the help of a
horticulturist after studying the area, its climatic condi-
tions, humidity range, soil type, annual rainfall and other
relevant criteria.
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